Abstract US Chinese immigrants undergo a transition to increased chronic disease risk commonly attributed to acculturative and dietary changes. Longitudinal data to confirm this are lacking. We examined acculturation and diet over time in 312 Chinese immigrant women in Philadelphia, recruited October 2005 to April 2008 and followed with interviews and dietary recalls until April 2010. Associations were modeled using generalized estimating equations to account for repeated measures over time. Increasing length of US residence was associated with a small (*1 %/year) but significant increase in acculturation score (p \ 0.0001), which in turn was significantly associated with increased energy density of the diet, percent of energy from fat, and sugar intake, and lower dietary moderation score. These findings provide longitudinal evidence that acculturation increases with length of US residence and is accompanied by dietary changes. However, the changes were small enough that their health impact is unclear. Factors besides acculturation that affect immigrant health and that affect the acculturation trajectory itself warrant investigation.
Introduction
Chinese immigrants to the US undergo a transition to increased risk of weight gain [1] and chronic diseases including hypertension, diabetes, heart disease, and cancers of the colon, breast, and prostate [2] [3] [4] [5] [6] [7] . The health transition is commonly attributed to acculturation-related lifestyle changes, most notably to a shift towards a more ''westernized'' diet. In a sample of Asia-born Chinese American college students in Florida [8] , 59 % reported that their eating habits had changed since arrival in the US, and the proportion reporting a change increased with length of stay, from 38 % among residents of\1 year to 85 % among residents of at least 3 years. Reported changes included the adoption of American-style meals (pizza, burgers, sandwiches) when dining out; increased consumption of snack items; and increased frequency of consumption of fats, sweets, and dairy products.
Such changes affect diet quality. In a sample of Chinese immigrants in Pennsylvania, 57 % reported that their eating habits had changed since immigration, with reported increases in consumption frequency not only of fats and sweets but also of grains, dairy products, fruits, and vegetables [9] . Another study of Chinese immigrant women in Seattle also found higher fat dietary behaviors as well as greater fruit and vegetable intake after immigration [10] . Finally, in a study of Chinese immigrant women in Philadelphia, level of acculturation was associated with lower dietary moderation, as indicated by intake of total and saturated fats, cholesterol, sodium, and empty calorie foods [11] ; the moderation component of overall dietary quality was of particular interest because of its relevance to chronic disease risk [12] . Further, the association differed depending on participants' level of education, with a more pronounced association between acculturation and dietary moderation among less educated immigrants [11] .
Most studies in Chinese immigrants are cross-sectional, however, and changes in dietary intake are often inferred by observing differences across groups defined by birthplace, age at migration, or length of residence [8-10, 13, 14] . Such studies cannot distinguish whether these observed differences represent steps along a continuum in the same acculturative process, or the preferences of different cohorts of individuals. A longitudinal assessment would provide a more accurate picture of the process of acculturation-the extent to which the migrating generation acculturates, for example-and a better understanding of whether such change is correlated with dietary change as predicted.
A longitudinal study was conducted to examine associations among acculturation, diet, and breast cancer risk in a sample of Chinese immigrant women. The present analysis utilized data from that study to test the hypotheses that (1) acculturation and dietary intake change over time among Chinese immigrants, and (2) changes in level of acculturation, measured using a scale representing multiple dimensions of acculturation, are associated with changes in dietary factors reflecting change towards a western diet. Given results of the previous study [11] , additional analyses examined whether acculturation associations varied by level of education.
Methods

Participants
Between October 2005 and April 2008, 436 healthy, premenopausal women were recruited into a study of acculturation, diet, and mammographic breast density. Recruitment took place through local contacts, word of mouth, and community cultural and women's organizations throughout the Philadelphia region, including its major ethnic neighborhoods (Chinatown, South Philadelphia, and parts of Northeast Philadelphia), but also extending across a variety of social and economic environments in Philadelphia and its adjacent towns. As part of the informed consent process, research staff explained the two objectives of the study: (1) to describe changes in eating habits in Chinese women in the U.S., and (2) to examine how and why breast density changes over time. They further explained that examining changes in diet and breast density might lead to a better understanding of why breast cancer risk rises in Chinese women when they come to the US.
As part of their participation in the study, women were offered free annual mammograms. Eligibility criteria included Chinese heritage, migration from Asia B20 years ago, and being of mammography screening age (C35 years). Exclusion criteria were: postmenopausal status (no menstruation in the past year); history of breast augmentation/reduction, prophylactic mastectomy, or any cancer except non-melanoma skin cancer; current pregnancy; current breastfeeding or breastfeeding within last 9 months; or symptoms of new breast problem, such as palpable lump, skin changes, or nipple discharge.
Participants were contacted first by mail then by phone each year to schedule follow-up of mammographic and other measures. Follow-up ended in April 2010. Participants received $20 as reimbursement for their time at each data collection visit. The study was approved by the Fox Chase Cancer Center Institutional Review Board, and all participants gave their written, informed consent to participate. All contact materials, including consent forms, study information brochures, and questionnaires, were translated by the project manager into Chinese and reviewed and edited by other members of the research team.
Data Collection
At each data collection visit, interviewers fluent in Chinese conducted detailed health interviews, either in person or over the telephone, in the appropriate dialect-in this sample, Mandarin, Cantonese, or Fujianese. Interviews included questions on health behaviors, health, residential, and reproductive histories, and acculturation. Interviewers additionally followed an established protocol to measure weight and standing height for each participant in duplicate, with the mean used in analyses.
Interviewers were also trained to follow a standardized protocol for conducting two 48-h dietary recall interviews about 2 weeks apart, with the mean over the 4 days used in analysis. The protocol was based on multiple pass procedures developed for use with the Nutrition Data System for Research (NDS-R, Nutrition Coordinating Center, University of Minnesota) that were also included as part of a training workshop conducted by a staff member from the Nutrition Coordinating Center. For each participant, the interviewer conducted the first dietary recall interview in person in order to provide guidance on portion size estimation using familiar 2D and 3D models. All subsequent diet interviews were administered over the telephone. While 24-h recalls are more typical, they also involve greater logistical difficulties in trying to reach participants for interviews on multiple days. Thus, 48-h recalls were used instead in order to capture intra-individual variability in dietary intake. Interviewers entered responses into the NDS-R, which in addition to providing estimates of nutrient intake, assigns each food item to one of 166 possible food subgroups and estimates serving counts for each food subgroup. Food subgroup definitions and serving sizes were based primarily on recommendations from the 2005 Dietary Guidelines for Americans [15] and the Food Guide Pyramid [16] .
Measures
Acculturation was measured using an abridged version of the General Ethnicity Questionnaire-American version (GEQA) [17] . The GEQA was chosen because of its demonstrated validity as a measure of cultural orientation among Chinese immigrants in the US and because it also allowed for assessment of acculturation as either a uni-or bi-dimensional process [17, 18] . Items in the scale were translated into Chinese, then back-translated into English. Translations and back-translations were discussed by the research team, and Chinese translations were revised as necessary, then pilot-tested by a sample of middle-aged Chinese immigrant women.
The original, 37-item GEQA scale, developed for immigrant and American-born Chinese college students, showed good validity and reliability in Chinese immigrants in previous studies [17, 19] . Assessed in factor analysis, it encompassed six distinct factors representing English language use and proficiency; affiliation with American people; participation in American activities; pride in American culture; preference for English language media; and preference for American food [17] . For the current study items were dropped if they showed little variability in response during pilot testing among a sample of middle-aged Chinese women, most of whom migrated as adults (e.g., 'I was raised in a way that was American', 'How much do you speak English at school?'). The remaining eleven items dealt with exposure to or familiarity with American people, culture, and activities (Table 1) . Responses were graded on a Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree), except for one question on English language use that was graded from 1 (not at all) to 5 (very much). The average response to these eleven items was the GEQA score, with a minimum of 1.0 (least acculturated) and a possible maximum score of 5.0 (most acculturated). In an ad hoc evaluation of construct validity [20] , the abridged scale was significantly (all p \ 0.01) correlated with length of residence (Pearson's r = 0.17), age at migration (r = -0.14), and a separate, global indicator of American cultural orientation ('Overall I am American') (r = 0.27). The scale also showed high internal reliability in the study sample (Cronbach's alpha = 0.91).
The Diet Quality Index-International [12] was used to examine one specific component of diet quality-dietary moderation, specifically with respect to five factors (total fat, saturated fat, cholesterol, sodium, and empty calorie foods) whose intake should be restricted because of their associations with chronic disease development. Details on the components of the dietary moderation subscale, with possible scores ranging from 0 to 30, are given in Table 2 . Other dietary outcome variables of interest were selected for their relevance to the moderation component of diet quality. These included energy density, percent of energy from fat, and intake of total energy and sugar. Specific food groups selected for analysis in relation to acculturation were: all vegetables, dark-green vegetables, tofu, fruits, beef, pork, fish, grains cooked from dry (e.g., rice), breads, pastries, and dairy foods. At baseline, participants were asked about their highest level of education, and responses were collapsed into three categories: (1) 0-8 years, (2) 9-12 years, with or without completion of high school or vocational/technical school, and (3) at least some college, university, or graduate school. For residential histories, participants listed every place where they lived for at least 1 year and their age when they moved there; from these, length of US residence and age at migration were calculated.
Analysis
Of 436 women enrolled in the study, seven were excluded for not having completed baseline questionnaires (n = 3), any dietary interviews (n = 3), or the question on country of birth, an adjustment variable in multivariate regression analyses (n = 1), leaving a sample of 429.
Regressions were run using generalized estimating equations (GEE), taking into account repeated measures from 1,126 visits among 429 participants. Of these, 312 participants provided follow-up dietary interviews for longitudinal analyses, while 117 provided only a baseline dietary interview. Participants with and without follow-up data were compared using Chi square test statistics for categorical variables and t tests for continuous variables.
Initial analyses were conducted to describe changes over time in GEQA and dietary variables, in addition to weight and body mass index (BMI). These were first modeled in GEE as a function only of length of US residence. Length of US residence rather than age or time in study was included as a time-varying, continuous predictor variable because it was thought to be more conceptually meaningful, especially given the common assumption that length of US residence can be used as a proxy for acculturation.
Next, associations between acculturation and diet were examined by modeling each dietary variable as a function of GEQA (included as a time-varying, continuous variable) and covariates. Covariates included age at baseline (years), country of birth (China or elsewhere), marital status (married or not), and education [0-8 years, 9-12 years (with or without completion of high school or vocational/ technical school), and at least some college, university, or graduate school]. Length of residence was not included as a covariate so as to avoid confounding with the GEQA effect. To examine possible differences by level of education [11] , effect modification was examined in models by including an interaction term. The GEQA model was enhanced by including a length of residence (continuous years) 9 education category (nominally coded) interaction. The dietary models were enhanced by including a GEQA (continuous score) 9 education category (nominally coded) interaction. All statistical analyses were conducted using SAS (version 9.2, 2008, SAS Institute, Cary, NC).
Results
Description of Sample
Mean (SD) age of the sample at baseline was 43.9 (4.5) years (Table 3) . Most were born in China (97 %). Mean (SD) age at migration to the US was 36.4 (6.5) years, and mean (SD) length of US residence was 7.5 (4.8) years. Mean (SD) GEQA score in this sample was 2.1 (0.7), and 70 % reported speaking no English at home. Mean (SD) weight and BMI were 58.4 (7.8) kg and 23.4 (2.8) kg/m 2 , respectively. Among the 312 (73 %) of participants who provided dietary interviews on at least two visits (baseline and at least one follow-up), 113 provided data on three occasions, and 136 provided data on four. In total, the 312 participants provided 1,009 observations over a mean (SD) length of follow-up of 2.7 (0.9) years. Compared with the 312 participants with follow-up data, the 117 women who provided only a baseline dietary interview were better educated, migrated at a later age, and had shorter length of residence in the US (Table 3 ). The two groups did not differ with respect to age, mean acculturation score, or other characteristics measured at baseline. Table 4 describes the changes in GEQA score and dietary intake with increasing length of US residence in our sample, measured longitudinally. Among 312 participants with follow-up data, increasing length of residence in the US was accompanied by a small but significant increase in level of acculturation as indicated by GEQA score ( Table 4 ). The increase was apparent primarily in more educated women (Fig. 1) , among whom GEQA increased by 0.04 point per year, compared with 0.01 point per year in the least educated category of women (interaction p value = 0.02). Separate analyses were conducted among women with shorter (\4 years), mid-range (4-10 years), and longer (10? years) US residence to determine whether level of acculturation changes more rapidly for recent immigrants but saw no evidence of a differential rate of change by length of residence (results not shown). Longer US residence was also associated with an increase in energy density of the diet and a decrease in total gram intake of food (Table 4) . It was also associated with an increase in BMI but not significantly with an increase in weight. Intake of energy and sugar, percent of energy from fat, and dietary moderation did not change significantly with increasing length of residence.
Changes in Acculturation and Dietary Intake Over Time
Acculturation as a Predictor of Dietary Intake
Next, acculturation was evaluated as a predictor of dietary change. In GEE models, an increase in GEQA score over time was significantly associated with an increase in energy density of the diet, higher percent of energy from fat, and greater sugar intake, and with a decrease in dietary moderation and in total gram intake of food (Table 5) .
In additional analyses to assess possible GEQA effect modification by level of education, p values for interaction were statistically significant for total energy intake and percent of energy from fat (p = 0.01). Specifically, greater acculturation was associated with an increase in energy intake and percent of energy from fat only in less educated women. In women with at least some college education, in contrast, there was little change in percent of energy from fat and a slight decrease in total energy intake with increasing level of acculturation. Figure 2 illustrates the difference in predicted mean energy intake and percent of energy from fat between participants with GEQA scores of 1 and 2, separated by level of education.
In an exploration of food groups of a priori interest, an increase in GEQA score over time was significantly associated with increased intake of beef, pork, dairy, and breads, and with decreased intake of dark green vegetables and grains cooked from dry (Table 5) . GEQA change over time was not significantly associated with change in intake of fish, pastries, total vegetables, tofu, or fruits.
Discussion
The present study is the first to document in a prospective cohort that change in acculturation over time is associated with change towards a less moderate diet, which could contribute to the observed increased risk of various chronic diseases following migration. The findings also demonstrate that change in acculturation, as measured by GEQA, over time was associated with change towards a less moderate diet-higher energy density, higher percent of energy from fat, and greater sugar intake. In terms of food intake, greater acculturation was associated with an increase in intake of red meats, dairy, and breads, and a decrease in intake of dark green vegetables and grains cooked from dry, such as rice.
A common assumption is that acculturation and, accordingly, diet change with length of US residence after immigration. While our findings support this, it should be noted that the changes in acculturation and diet in our sample, while statistically significant, were relatively small. Although length of US residence is commonly used as a proxy for level of acculturation [21] , the increase in acculturation over time in this sample amounted to only a 0.024 point increase in GEQA score for each additional year in the US, or the equivalent of 1 % of the mean GEQA score in our sample. Assuming a linear increase in acculturation, 20 years in the US would produce a 0.5 point increase on this acculturation scale. Thus, at least in some immigrant populations, increasing length of residence in the US might bring about little change in acculturation. Many of the participants in the current sample resided in immigrant or ethnic enclaves throughout Philadelphiaabout 12 % in Chinatown, 25 % in South Philadelphia, and 34 % in neighborhoods in Northeast Philadelphia. To the extent that residence in an immigrant enclave limits exposure to mainstream culture, there may be less opportunity or need for acculturation to the mainstream, and these residents are thus more likely to preserve traditional behaviors [22] . These findings suggest the need for caution in using length of residence as a proxy for level of acculturation, and may explain why, in this sample, length of US residence was a poorer predictor of change in dietary behavior than was acculturation score. The dietary changes associated with acculturation were also relatively small. Each one-point increment in GEQA score, with a possible range from 1 to 5, was associated with an 8 % increase in energy density, a 1.3 % absolute increase in percent of energy from fat, a 2.8 g/day increase in sugar intake, and a 3 % decrease on the dietary moderation scale. Given the small change in GEQA with length of US residence overall, at least in this sample of Chinese women, change in diet with acculturation might not be as great as has been supposed previously based on crosssectional data. Acculturative and dietary changes may be greater among immigrants who arrive as children or young adults [23] , or who do not reside in ethnic enclaves, but this requires confirmation in other, longitudinal work.
A previous, cross-sectional study in another sample of Chinese immigrant women suggested a difference in effect of acculturation by level of education [11] . In that study, acculturation was associated with lower dietary moderation among Chinese immigrant women with less than a high school education, but not among women who were at least high school graduates. In the present, prospective analysis, the changes in energy density, sugar intake, and dietary moderation with acculturation were independent of level of education. However, a similar pattern of effect modification for energy intake and percent energy from fat was apparent, with changes with acculturation more evident in less educated women. An increase in these with acculturation is not surprising in less educated women, who reported very low energy intake and percent of energy from fat to begin with. Why the values appear to plateau in more educated women is less clear. Energy density and sugar intake still increased with acculturation in these women, and dietary moderation decreased. Further, their percent of energy from fat was still lower than the estimated 33 % for the US adult population [24] . Whether these plateaus are maintained in this generation remains to be explored with additional follow-up of the cohort.
A primary limitation of the study was the use of 48-h recalls. Standard, multiple-pass procedures were used to minimize misreporting. Also, additional analyses comparing the distributions of several nutrient variables based on days 2 and 4 of the four dietary recall days (the equivalent of two regular 24-h recalls) with distributions based on all 4 days from the two 48-h recalls showed comparable means, and the expected increase in variance in distributions based on only two rather than 4 days of recalls. Nevertheless, underestimation of intake is likely, as evidenced by the low estimates of mean energy intake in the sample. With the availability of repeat, longitudinal observations, differential reporting across participants is less a concern than dietary measurement error, which likely resulted in underestimation of the magnitude of associations investigated here. New technologies such as wearable cameras [25, 26] or mobile telephone-based technologies [27] may help reduce the problem of underreporting as a result of missing foods or underestimating portion sizes. Such emerging technologies and methods will be useful if they can be applied to measure dietary changes among immigrants more accurately.
Generalizability of the results may also be limited. This was a convenience sample of women who were offered free annual mammograms as part of the study, and may also have been motivated by a sense of concern over breast cancer risk. Thus, compared with the overall Chinese immigrant community in Philadelphia, this sample was likely to be less acculturated, uninsured, and of lower socioeconomic background. Further, women with higher levels of education and shorter US residence were more likely to have provided only baseline data and were thus underrepresented in the followup. Finally, the relatively short follow-up limited the extent of change in acculturation observable in this sample. Worth noting, however, is that although the change in acculturation observed over time was small, it was statistically significant. Differences in acculturation by length of residence might be overstated in cross-sectional studies if different immigrant cohorts are being compared, rather than measuring actual changes over time.
Nevertheless, the fact that significant changes in acculturation were observed, as well as associations between acculturative and dietary change over time, is an important confirmation of assumptions made in prior, cross-sectional studies. These analyses also revealed differences in the magnitude of change in GEQA and in the association between GEQA and dietary intake by level of education, indicating differences in trajectory across subsets of immigrants.
Conclusions
As the first prospective study with detailed information collected on acculturation and dietary behaviors, our findings highlight several directions for further research. For example, future studies should confirm these trajectories in other immigrant samples, using valid and precise measures of dietary intake; identify the key factors, whether environmental circumstances or personal characteristics, that influence this acculturative trajectory; describe other trajectories possible under different conditions; and investigate how these acculturation trajectories might influence lifestyle changes and health behaviors that can impact disease risk.
In summary, in our sample of Chinese women who had immigrated to the US as adults, we found that increasing length of US residence was associated with a significant but small increase in level of acculturation. Increasing level of acculturation, in turn, was associated with change in dietary intake towards higher energy density, higher percent of energy from fat, greater sugar intake, and less dietary moderation overall-but it should be highlighted that the changes associated with acculturation were small. These findings suggest useful directions for future workspecifically, exploring the magnitude of change in acculturation and diet longitudinally in other immigrant samples, and identifying other factors besides acculturation that might influence health trajectories in the migrating generation.
